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Recent work suggests that the auditory organ of Drosophila may serve as an
excellent model system for understanding the complex mechanical signal
processing that takes place in sensory hair cells of the vertebrate inner ear.Susanne Bechstedt
and Jonathon Howard
Over the past 20 years, great
progress has been made towards
understanding hearing in vertebrates.
This includes biophysical
characterization of the key processes
in mechanotransduction: gating of
the channel, amplification of weak
signals, selectivity to particular sound
frequencies and adaptation to
sustained stimuli [1]. Concurrently,
primarily through the discovery of
deafness genes in men and mice,many key molecules have been
identified [2]. The exciting challenge
for the field is to determine which
molecule mediates which process:
what proteins form the gating spring,
the transduction channel and the
adaptation motor? Recently,
Drosophila has emerged as a model
organism for mechanotransduction
and hearing with the development of
a non-invasive method for recording
auditory mechanics by laser doppler
interferometry [3]. In a study reported
in this issue of Current Biology,
Nadrowski et al. [4] now show thatthe active mechanical processes in
the fly ear, Johnston’s organ, are
remarkably similar to those of hair
cells, the mechanoreceptors of the
vertebrate inner ear. This suggests
that the wide range of genetic tools
available in the fly can now be
brought to bear on the general
problem of how mechanical signals
are processed in the auditory
periphery.
There are pronounced anatomical
and ultrastructural differences between
vertebrate and invertebrate ears
(Figure 1). In vertebrates, the eardrum
is a receiver that transmits pressure
changes associated with sound
waves into fluid motions in the inner
ear that in turn deflect hair bundles,
the actin-rich mechanoreceptive
organelles of hair cells (Figure 1E–F).
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Figure 1. Vertebrate and invertebrate ears.
While the anatomy between vertebrate and invertebrate auditory organs is very different, the molecular modules in hair cells and auditory neu-
rons in the fly consist of a transduction channel, a gating spring and adaptation motors. (A–D) The Drosophila ear. (A) The arista together with
the third antennal segment function as the receiver [20]. (B) Two opposing populations of sensory cells in the second antennal segment are
activated by stretch. (C) Chordotonal neurons are the sensory cells in the fly’s ear. The site of transduction is most likely a part of the sensory
cilium. (D) Molecular architecture of a transduction module. (E–H) The mammalian ear. (E) The tympanum is the primary receiver in the mam-
malian ear. Sound is transduced via the ossicles to the cochlea that contains the organ of Corti. (F) Organ of Corti contains the sensory
cells — the hair cells. (G) Hair cell: the actin filled stereocilia form the hair bundle the sensory organelle. (H) Molecular architecture of a trans-
duction module. Part (A) with permission from [20].
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R870arista, which transmits air
displacements associated with
sound waves into stretch of the
microtubule-containing cilia of the
chordotonal neurons, the
mechanoreceptor cells in the fly ear
(Figure 1A–D) [5]. These differences
have led to the assumption that the
ears operate by very different
molecular and biophysical
mechanisms.
There are, however, also remarkable
developmental, cell biological and
functional similarities. The orthologous
transcription factors math1 and atonal
are used for cell fate determination in
hair cells and chordotonal neurons
[6,7]. Both receptor types have primary
cilia and both receptors are bathed in
a potassium-rich endolymph of very
similar composition [8]. Most
interestingly, both vertebrate and
invertebrate ears display active
processes that amplify the sound
signals and drive mechanical
oscillations [1,3,9].
The new study by Nadrowski et al. [4]
takes our understanding of fly hearing
to a new level. They have found that
the model used to describe active
hair-bundle mechanics [11] works
remarkably well to describe the active
motion of fly ears. The only major
modifications required were to take
into account the two different
populations of chordotonal receptors
that respond to deflections of the arista
in opposite directions (Figure 1B), and
to include the inertia of the arista.
Comparison of theory with data
shows that a transduction module
consisting of a transduction channel,
a gating spring and adaptation motors
(Figure 1D) is all that is needed to
explain the active mechanics of the
fly ear. Thus, the Drosophila ear
contains a transduction apparatus
that functions almost identically to
that in hair cells: it displays nonlinear
compliance, a compressive
nonlinearity and active oscillations,
phenomena first described for hair
cells [12,13].
In both types of ear, the transduction
modules are coupled to a receiver. In
the case of the Drosophila ear, the
coupling is direct and suffices to sense
a relatively narrow range of sound
frequencies centered around 200 Hz
that are primarily used for courtship.
In the case of the mammalian ear,
the coupling is indirect: the broad
spectrum of auditory frequencies is
spatially separated along the cochlea,the snail-shaped organ along which the
hair cells are located. In themammalian
ear, two processes are thought to be
important for cochlea amplification:
active motions of hair bundles and
contractions of the cell body mediated
by prestin motors [1,14]. In the
Nadrowski et al. [4] model, transducer-
based amplification is sufficient to
describe the gain achieved by fly ears.
Therefore, it is unlikely that prestin
is needed for amplification in
Drosophila.
The model predicts the number of
transduction channels per sensory
neuron to be about 20, similar to the
number in hair cells [12,15,16]. This
relates to the most pressing open
questions in the field: What are the
molecular correlates of the
transduction channel, the gating spring
and the adaption motor. The best
candidate for the transduction channel
in flies is TRPN1/NompC [10], the
ankyrin repeats of which might also
contribute to the gating spring [17].
TRPN1 is also expressed in zebrafish
[18] and frog hair cells, but its
function seems to be associated with
the kinocilium rather than the hair
bundle [19]. Because TRPN1 is
not conserved in higher vertebrates
and mammals, other members of
the transient-receptor potential
family have been discussed as
candidate mechanotransducer
channels. The adaptation motor in
hair cells is most likely myosin 1c [1].
In Drosophila the adaptation motor
has to be a microtubule-based
motor; obvious candidates are the
axonemal dyneins in the proximal
sensory cilium.
The work by Nadrowski et al. [4]
provides more than a comprehensive
description of how an auditory organ
works. It opens up the possibility of
using the full power of Drosophila
genetics to manipulate candidate
components of the transduction
apparatus. Beyond knockout of these
components, alteration of their
functional properties, for example
changing the stiffness of the gating
spring, should help in their molecular
identification and give deeper insight
into active transduction in auditory
systems.
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